A series of 24 adult male patients undergoing thoracotomy were found to have a reduction in their cough pressures in the immediate postoperative period to 29 percent of their preoperative values. Cough pressures still averaged only 50 percent of control values one week following surgery, with slow return toward normal over the ensuing three weeks. Pain associated with the surgical wound appeared to be the primary factor in the patients' inability to cough effectively. The degree of imneffective coughing by the post-thoracotomy I patient, with association of retained secretions, -continues to present a therapeutic prob1em.l We believed insight into this difficulty might be gained from quantitatively studying the force of the cough in a group of individuals following thoracotomy. An estimate of the cough forces can be made by employing an esophageal balloon and measuring the intrathoracic pressures produced by the cough.2
A series of 24 adult male patients undergoing thoracotomy were found to have a reduction in their cough pressures in the immediate postoperative period to 29 percent of their preoperative values. Cough pressures still averaged only 50 percent of control values one week following surgery, with slow return toward normal over the ensuing three weeks. Pain associated with the surgical wound appeared to be the primary factor in the patients' inability to cough effectively. The degree of imneffective coughing by the post-thoracotomy I patient, with association of retained secretions, -continues to present a therapeutic prob1em.l We believed insight into this difficulty might be gained from quantitatively studying the force of the cough in a group of individuals following thoracotomy. An estimate of the cough forces can be made by employing an esophageal balloon and measuring the intrathoracic pressures produced by the cough.2
A second goal of the study was to evaluate the effectiveness of inhaled ultrasonically nebulized water in inducing more effective coughs in postthoracotomy patients. It is well known that this form of inhalant induces coughing in normal individuals, but its effectiveness has not previously been studied in post-surgical patients. pairment appeared to be related to the extent of the procedure, pressures being altered less in those with limited incision thoracotomies. UMasonicaUy nebulized water mist was found to be effective in all but one patient in inducing significantly higher cough pressures and more effective sputum expectoration. Its use should be considered as a simple method of inducing more effective coughs in the postoperative patient.
led to the patients' requiring thoracotomy.
Each patient was evaluated preoperatively in the pulmonary function laboratory. The total lung capacity ( T L C ) was obtained by the helium dilution technique and the normal values were predicted from the data of Bateman.3.4 The maximal mid-expiratory flow rate was also obtained.5
The maximal voluntary cough pressures were measured preoperatively in each subject while seated, by measuring the intrathoracic pressures transmitted to a balloon placed in the lower third of the esophagus which was inflated with 1 ml of air.2~6 The intrathoracic pressure was referred to ambient pressure during the recording. Although peak cough pressures are of extremely short duration, previous studies have shown that cough pressures measured in this fashion closely approximate maximal static pressures developed against an occluded airway at similar lung vdumes.2 Furthermore, testing of the balloon system in a pressurized chamber with frequencies of up to 18 cycles per second showed an overestimate of pressures of no greater than 8 percent by the balloon system, and this was at the most rapid frequency.
The patient was then familiarized with the ultrasonic nebulizer, and the pressures resulting from the cough induced by the irritating water mist were recorded. The neublizer used throughout the study was the DeVilbiss model 800, which was kept adjusted to produce the maximal rate of 6 ml of water per minute.
Following surgery, voluntary and ultrasonic mist-induced maximal cough pressures were measured shortly after the patient became fully alert in the recovery room, with the bed adjusted so that he was in a seated position. At least three coughs were obtained on each occasion, the best effort being recorded. Attempts were made to accomplish the cough at approximately the same lung volume for each method. Thereafter, voluntary and induced coughs were measured daily for one week, and then most were followed intermittently until they had returned to preoperative control values. Early in the study, the cough pressures were measured at three-hour intervals, but this was discontinued when it was found the pressures varied little over a 24-hour period.
Ten of the men in the group were studied to determine what effect the relief of pain by the administration of narcotics might have upon their ability to cough effectively. Cough pressures were measured 20 minutes following the administration of 50 mg of meperidine hydrochloride intravenously, and these pressures were compared to control values obtained just prior to giving the drug.
Preoperative pulmonary function testing demonstrated essentially normal parameters in 19 of the 24 patients (Table 1) . Five patients, who have been grouped at the end of the table (Nos. 20 through 24), had evidence of obstructive lung disease, with maximal mid-expiratory flow rates falling below 2.0 Llsecond. These individuals were all smokers and had clinical symptoms compatible with a diagnosis of chronic obstructive lung disease.
Maximal preoperative control cough pressures ranged from 160 to 420 cm Hz0 (Table 1 ) , averaging 257 cm H20. These values were readily reproducible, the three best efforts showing less than 5 percent variation. Patients generally produced simi- 80   146  192  198  18  170  294  66  76  58  108  63  158  102  162  19  186  176  70  54  78  82  72  98  127  130  20  320  360  40  95  152  170  166  139  21  420  384  50  88  82  94  110  126  123  163  324  316  22  304  276  123  130  100  118  108  162  23  270  293  150  176  150   no   24  170  159  100  1 84  178  234  230  251  260  248 *Limited thoracotomy **NO response lar cough pressures when stimulated to cough by the ultrasonic water mist in the preoperative evaluation. A marked reduction in the force of voluntary cough was noted after surgery (Table 2) . Following recovery from the anesthetic and throughout the remainder of the operative day, the voluntary cough pressure for the group was found to average 71 cm HzO. For individual patients, this represented a reduction in cough pressure to an average of 29 percent of preoperative control pressures (Fig  1) . On stimulation with ultrasonic mist on the day of operation, the group averaged a maximal pressure of 109 cm Hz0 ( Table 2 ). In terms of individual patients, the cough pressures attained by this method averaged 44 percent of control values (Fig 1) . Effective coughs as evidenced by sputum production appeared to correlate with cough pressures in the range of 100 crn water, and greater. Several patients with nonproductive voluntary coughs expectorated mucus plugs following the higher cough pressures induced by the ultraionic mist.
The cough pressures then showed a slow but progressive increase over several days, the patient having attained a value equal to approximately 50 percent of his preoperative cough strength by voluntary effort and 60 percent by mist induced effort by the sixth postoperative day (Fig 1 ) . The force of the cough then continued to improve through the end of the h t month after surgery, when those patients tested had cough pressures equal to 86 percent of preoperative values when stimulated by the mist.
It was of interest that consistently stronger coughs were obtained throughout the period of the
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Po11 Opratlve h y study following ultrasonic mist stimulation in almost all of the patients studied. In the case of only one patient, no. 15, were we consistently unable to stimulate his cough reflex with the ultrasonic mist. It was noted in certain other patients, however, that the ultrasonic generator had to be functioning properly and producing mist at its maximal rate in order to induce cough effectively. Of interest was the increased maximal cough pressures seen in those with obstructive airway disease both before and following surgery. The average preoperative pressures in these five patients was 297, as compared with 257 cm water for the group as a whole. Following surgery, higher pressures continued to be generated in this group. For example, an average pressure of 135 cm of water was attained with the mist in the first operative days, as compared to a pressure of 109 cm for the group as a whole. However, the percentage reduction in maximal cough pressures for those with obstructive airways disease was not significantly different from the group as a whole.
The patient having the median sternotomy incision (no. 4) had consistently greater reductions in his cough pressures as compared to the average for the group, while consistently less percentage reduction was observed in the three patients having limited thoracotomy incisions (nos. 1, 2, and 3) for lung biopsy alone (Table 2) .
Despite the administration of meperidine hydrochloride, only three of ten patients studied (as described above) had an increase in their cough pressures of greater than 20 percent over control. These three patients had cough pressures equal to 130, 183, and 188 percent of their control values.
As no instances of major atelectasis or postopemtive pneumonitis occurred in this group of patients, there was no opportunity to relate cough pressures to complications.
Increased airway resistance has been reported in patients with chronic obstructive lung disease receiving ultrasonic mist.7 However, none of our patients demonstrated wheezing or prolonged expiratory phases following use of the mist.
Retained secretions in the post-thoracotomy state frequently lead to atelectasis and pneumonitis. A primary factor in the inability to clear these secretions would appear to relate to the ineffective coughing efforts by these patients. This study has shown that there is indeed marked impairment in the cough pressures in the immediate postoperative state, with only slow improvement toward normal over the first week.
One may speculate on the various reasons for the profound reductions in cough pressures seen in these patients. Pain certainly appeared to account for the usual patient's inability or unwillingness to cough with more vigor. However, it was interesting in this regard that the administration of narcotics did not consistently increase the patients' ability to generate a higher cough pressure. It would appear that this form of analgesia, while alleviating the constant dull aching pain associated with the surgical wound, is not really effective in reducing the sharp, sudden pain evoked by coughing in most patients. Conceivably, nerve blocks might be of more value in this respect.
One must also consider the portion of the pressure-volume curve upon which the coughs were made, as a contributing factor in accounting for the lower cough pressures in the postoperative state. It has been well established that the maximal cough pressure in any individual will be obtained at the upper end of the pressure-volume curve.* Also, it has been shown that patients in the immediate post-thoracotomy period have reduced vital capacities out of proportion to the lung volume remo~ecl.~ We, therefore, attempted to obtain cough pressures as high as possible on the curve by encouraging the patient to take a full inspiration before starting his coughing efforts. The fact that the induced cough pressures were consistently higher than the spontaneous cough pressures at approximately the same lung volumes argues against the reduction in vital capacity as the major reason for impaired pressures.
The type of incision employed was noted to have a major influence on the magnitude of reduction of cough pressures. Not surprisingly, the patient who has had a median sternotomy has severely reduced maximal cough pressures. By contrast, the impairment following limited incisions for lung biopsies is well below average. This would confirm the clinical impression that one is much less likely to develop the usual post-thoracotomy complications associated with secretions in those having small incisions.
However, it was noted that those individuals with evidence of obstructive airway disease were able to generate somewhat higher absolute cough pressures before and after surgery than those with normal pulmonary function or with restrictive disease of the lungs. Indeed this is not surprising, as previous studies have demonstrated that patients with obstructive lung disease have at least normal, and probably greater than normal, maximal expiratory pressure^.^ The ultrasonic induced water mist appears to offer a method of inducing more effective coughing in the post-thoracotomy patient, since significantly higher cough pressures were consistently attained following mist stimulation. These higher cough pressures were frequently associated with the expectoration of mucus plugs. In only one patient were we consistently unable to stimulate cough in this fashion. However, a unit producing at least 6 ml of nebulized water per minute appeared essential, as less dense mists were frequently ineffective in inducing coughing. One great advantage of the mist for inducing coughing related to the ease with which it was administered to patients by the nursing st& in contrast to the more time-consuming and less pleasant method of tracheal stimulation by catheter. 
